Cortical ERP magnitudes are sensitive to the direction of voice pitch-shifted auditory feedback. Cortical ERP latencies are shorter for larger magnitudes of voice pitch-shifted auditory feedback. Neural mechanisms of error detection and correction are sensitive to direction and magnitude of perturbations in voice feedback.
a b s t r a c t
Objective: The present study examined the differential effects of voice auditory feedback perturbation direction and magnitude on voice fundamental frequency (F 0 ) responses and event-related potentials (ERPs) from EEG electrodes on the scalp. Methods: The voice F 0 responses and N1 and P2 components of ERPs were examined from 12 righthanded speakers when they sustained a vowel phonation and their mid-utterance voice pitch feedback was shifted ±100, ±200, and ±500 cents with 200 ms duration. Results: Downward voice pitch feedback perturbations led to larger voice F 0 responses than upward perturbations. The amplitudes of N1 and P2 components were larger for downward compared with upward pitch-shifts for 200 and 500 cents stimulus magnitudes. Shorter N1 and P2 latencies were also associated with larger magnitudes of pitch feedback perturbations. Conclusions: Corresponding changes in vocal and neural responses to upward and downward voice pitch feedback perturbations suggest that the N1 and P2 components of ERPs reflect neural concomitants of the vocal responses. Significance: The findings of interactive effects between the magnitude and direction of voice feedback pitch perturbation on N1 and P2 ERP components indicate that the neural mechanisms underlying error detection and correction in voice pitch auditory feedback are differentially sensitive to both the magnitude and direction of pitch perturbations. Ó 2010 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
In recent years, the frequency perturbation paradigm has been developed to investigate the role of auditory feedback for the control of voice fundamental frequency (F 0 ) (Elman, 1981; Kawahara, 1994; Burnett et al., 1998; Larson, 1998; Jones and Munhall, 2002) . In this paradigm, speakers vocalize a vowel sound or a speech phrase, during which their voice pitch feedback is unexpectedly shifted and fed back to them through the headphones. In response, speakers change their voice F 0 in the direction opposite to the perturbation. That is, they lower their voice F 0 when the pitch feedback is shifted upwards, and vice versa. This compensatory response to pitch feedback perturbations has been observed not only during vowel phonation tasks (Burnett et al., 1998; Hain et al., 2000; Larson et al., 2000 Larson et al., , 2008 Liu and Larson, 2007) but also during speech production (Natke and Kalveram, 2001; Donath et al., 2002; Natke et al., 2003; Xu et al., 2004; Chen et al., 2007; Liu et al., 2009) , suggesting that auditory feedback can be used to stabilize the voice F 0 around the desired level and facilitate the accurate and timely control of speech production.
Recently, event-related potential (ERP) and magnetoencephalography (MEG) techniques along with the frequency perturbation paradigm have been used to explore the temporal neural processing of auditory feedback (Heinks-Maldonado et al., 2005 , 2006 Behroozmand et al., 2009, in press; Hawco et al., 2009) . In these
